Chenghua Gu is an Associate Professor in the Department of Neurobiology at Harvard Medical School. She received her PhD with Dr. Moses Chao at Cornell Medical School and her postdoctoral training with Dr. David Ginty and Alex Kolodkin at Johns Hopkins School of Medicine. Her laboratory studies the interactions between the vascular and the nervous systems, specifically how the blood-brain barrier (BBB) functions and how blood supply is dynamically matched to the local energy needs of neural circuits. Her laboratory recently demonstrated that inhibition of transcytosis is a major mechanism for BBB function, a surprising finding in view of the nearly exclusive focus on tight junctions as the mechanism of BBB integrity. Her findings imply that the molecular pathways inhibiting transcytosis could be targeted to open the BBB and deliver drugs to the central nervous system. Her lab is currently developing technologies to further understand the mechanisms controlling BBB function and regulation. Her lab also discovered that neural activity can influence the structure of vascular networks, not only blood flow, which revealed a novel mechanism to match brain energy supply to neural demand. In earlier studies, Dr. Gu's lab contributed to the recognition that the same guidance cues are used for wiring both the nervous and vascular systems and discovered basic principles governing the establishment of neurovascular congruency.
What do you think are the big questions to be answered next in your field? The vasculature of the brain has two unique features compared to the rest of the body. First, brain blood vessels form the BBB, which regulates the brain's chemical milieu and ensures proper neural function. Second, neural activity rapidly and dynamically increases local blood flow on a timescale of seconds-a process called neurovascular coupling.
The BBB is a double-edged sword. While it protects the brain from bloodborne pathogens, it also creates a major obstacle to drug delivery for treatment of central nervous system disorders. Additionally, emerging evidence suggests that BBB leakage is one of the earliest events in many neurological diseases. Thus, there is an urgent need to be able to manipulate BBB permeability dynamically to transiently open the barrier to deliver drugs, whereas tightening the barrier may delay progression of neurodegeneration. Understanding the core molecular and cellular components that constitute and regulate the BBB will enable us to develop therapeutic strategies to manipulate the barrier and transform the way we treat neurological diseases.
Another big question is how blood supply is dynamically matched to the local metabolic needs of neural circuits. Although our brain contains only 2% of our body mass, it consumes 20% of the body's energy. This use of energy depends upon a continuous supply of oxygen and nutrients from the bloodstream. Neurovascular coupling is the basis for functional brain imaging in humans, yet our understanding of its mechanism and function is still very limited. Many basic questions have yet to be answered. What is the purpose of neurovascular coupling? Is it truly necessary for normal neural function? How does impaired neurovascular coupling alter neural function and behavior?
To tackle your favorite research question, is there a tool that either needs to be developed or is currently available that could be implemented in a novel way? I believe that neuroscience would benefit tremendously from an imaging tool that allows us to understand biology at a subcellular level in real time, in vivo, under physiological conditions. A tall order indeed! Such a tool requires a combination of two features: the ability to do in vivo live imaging and the ability to provide super-resolution. This would enable us to capture dynamic subcellular processes in the brain, such as vesicle trafficking or fusion, in awake mice.
The Cell Symposium that you are speaking at this year covers talks from cell biology to cognition and from animal models to human neuroscience. How do you view the level of crosstalk between these disciplines, and how can they profit and/or learn from each other? It is a major strength of this symposium to have crosstalk between different
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Department of Neurobiology, Harvard Medical School disciplines. Diverse disciplines often think differently and use different approaches to solving problems. Thus, people from different disciplines benefit from each other in terms of generating creative new ideas and in developing new technologies. As a result, it helps to develop a ''big picture'' view of the biology and to invent unconventional applications. At the end of the day, we are all trying to understand the truth about the way nature works despite coming from different disciplines and using different languages! For example, while the brain can be understood as a computer from a computational/theoretical perspective, it is still made of cells and uses genes and proteins to work. So when computational and cellular scientists come together to teach each other about their different perspectives, they catalyze a comprehensive approach to understanding the brain.
Do you have a favorite anecdote from doing science that you'd like to share (perhaps a key discovery moment)? In the summer of 2013, my post-doctoral fellow Ayal Ben-Zvi and I had just started our new line of work on identifying key molecular components of the BBB. Our central hypothesis was that brain endothelial cells express a special set of genes that govern formation and maintenance of the BBB. We identified over 200 genes that are highly expressed in cortex endothelial cells but have low or undetectable expression in lung endothelial cells. The first gene we picked to study from the list was Mfsd2a, a multi-transmembrane protein that was poorly understood. We found mice lacking Mfsd2a have a leaky BBB, so we knew it was required for barrier integrity. Conventional wisdom of the field at that point was that tight junctions regulate the permeability of the barrier; however, when we performed the first EM analysis of brain sections of Mfsd2a knockout mice, we did not see any obvious tight junction abnormality. What was immediately striking was the large numbers of vesicles that had appeared in brain endothelial cells. EM, in 1967 , that endothelial cells in the brain possess barrier properties. We spent the whole day with Morris at his home examining hundreds of EM images. That afternoon, we had a wonderful scientific discussion. We learned so much about the history of the BBB field, previous attempts to understand how the BBB worked, and the technology bottlenecks. Morris was very surprised by the increased level of vesicles and was not totally convinced tight junctions were normal and did not somehow contribute to the leakage. His skepticism turned out to be extremely helpful, because he rigorously challenged our result and suggested additional experiments to be sure of our conclusion. We came back to Boston, performed these experiments, and demonstrated that the leakage seen in the Mfsd2a mutants indeed resulted from upregulation of transcytosis without apparent disruption of tight junctions. This result led to a series of discoveries demonstrating that transcytosis is actively inhibited in central nervous system endothelial cells to ensure the BBB integrity.
Who were your key early influences? My parents were both scientists. My mother grew up in Beijing and my father grew up in Shanghai. They met in Inner Mongolia, where they were founding members of an agricultural research institute. They spent their entire lives there dedicated to agricultural research. Because of the harsh living conditions and their need to spend winters continuing their experiments in the southern tip of China, my brother and I ended up spending most of our childhood with our grandparents in Shanghai and Beijing. During our time together, I saw my parents adapt to the same extremely simple and minimalistic lifestyle as the locals, while having so much fun doing their research and making discoveries. How my parents designed experiments and patiently waited to see results truly influenced me. I have a deep respect for their dedication to science and also share their excitement over breakthroughs. From them, I learned the value of doing excellent science at a young age.
Which aspect of science, your field or in general, would you wish the general public knew more about? The general public tends to hear only about the end result of scientific endeavors, and almost always about the successful ones. I wish the general public knew more about the process of science: what leads to a hypothesis, the development of approaches, the concept of rigorous experiments (controls, statistics, replication, etc.), the limitations and implications of the finding, and the importance of many failed studies. I think the general public would appreciate the importance of basic research, what it takes, and why it is an engine of progress in our society.
What do you think are the biggest problems and/or challenges science as a whole is facing today? I suspect many of my colleagues would agree that, first and foremost, funding is still a big issue. NIH funding has not been commensurate with the increased cost of pretty much everything (salary, supplies, animal costs, etc.). The percent of NIH-funded research is almost at a single digit. The result of all of this is that scientists spend most of their time writing and reviewing grants instead of diving into their research. Given the importance of science for human health, technology development, economics, etc., during the past 300 years, increasing funding is a priority. A second major challenge is communicating scientific discoveries accurately. Our science can now reach people around the world rapidly, and so we must be sure not to distill our discoveries into the ''sexiest'' or the most provocative punchlines. I read many popular science articles that rush to find correlations rather than causation, and I think this represents a major hurdle in the public's understanding of what we do. A third challenge is the metrics of achievement junior scientists are facing. More than ever, instead of the quality of science, successful scientists are judged based on what journal they published in and what kind of awards they receive, rather than focusing on what they discovered. This prioritizes self-promotion and a rush for ''success,'' rather than good science.
What do you think are the biggest possibilities and/or challenges for the education of future scientists? The biggest difference between the education system now and 50 years ago is the sheer volume of information that is at our fingertips. Information, however, does not equal knowledge, and knowledge does not necessarily lead to wisdom or scientific progress. I think that educating our future scientists should focus on nurturing wisdom. Finding relationships and patterns in data is how scientific pursuits culminate in truths, and eventually wisdom. It is important to educate our students to think like scientists. Learning to think like scientists is like building a tree in your head; understanding the hierarchical relationship between the trunk, the major branches, and individual branches. So learning does not mean remembering every piece of information, rather, we learn which branch the new information belongs to in this tree, and the relationship between different pieces of information. This way of thinking will prepare our future scientists to recognize simple patterns from a chaotic dataset and discover profound underlying principles in nature, so they can ''grow their own tree'' as they make new discoveries in new research fields.
I think that our education system should focus on nurturing creativity. Instead of teaching students what is right and wrong, it is critical to allow students to think and try things freely, be wrong, and try again. Perhaps we should encourage more ''unsupervised learning'' and less of the traditional ''reinforced learning.'' Another challenge for the education of future scientists is to encourage them to boldly enter uncharted areas of research. We know so little about our brain, yet 90% of the people work on 5% of the questions. It is important to prepare our future scientists to truly understand how little we know, and how limited our understanding of the brain is. This would compel them to pursue new and daring questions and boldly enter unchartered areas in neurobiology.
What is your view on big-datagathering collaborations as opposed to hypothesis-driven research by small groups? I think these two approaches are quite complementary. Big-data-gathering approaches enable us to develop in an unbiased manner a hypothesis that can then be rigorously examined by hypothesisdriven research. Alternatively, if a hypothesis already exists and is vetted by hypothesis-driven research, big datasets are very useful to test whether conclusions apply in different contexts. Otherwise, you may discover that this hypothesis is limited to certain situations.
I am also a big fan of a third approach, which one of my students calls ''discovery-based research.'' This is especially relevant for starting in an uncharted area of research. We observe a process in nature and know nothing about it, and then ask: how does this work? Why does it work that way? No hypothesis, per se; no big data gathering, per se. Just a few key experiments to interrogate the system and follow the data! How do you find inspiration? I am constantly inspired by young people, including my 8-year-old and 14-year-old daughters and my students. Their unrestricted view of the world, their endless curiosity, optimism, ability to adapt, and unlimited freedom in thinking and approaching life and science is extremely motivating.
What do you do when you're not in the lab? I love all kinds of outdoor activities and being close to nature. About three years ago, I played American football with members of our department for the first time in my life. We had so much fun that I suggested we play football on the Harvard Medical School Quadrangle field every week. This tradition continues: every Friday we play two-hand touch football, and it is a great bonding experience between students, postdocs, and faculty. Outside the lab, I spend most of my time with my family: hiking, traveling, and sharing new experiences with our daughters.
What career paths did you consider other than a scientist? When I was really young, I wanted to be an astronaut, because I wanted to know about the universe, and I liked the sense of freedom it promised, floating in the air. In my teenage years, I became deeply interested in science and had all kinds of animals as pets, so I decided to be a veterinarian. However, during my veterinary medical school I realized that I am more interested in discoverybased research instead of applying existing knowledge to treat animals. This experience steered me to apply for graduate school and to become a researcher.
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